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Galileo spacecraft suffered antenna deployment failure in 

earth orbit in 1991

Using actuation motor data, the failed antenna ribs were 

identified.

Simulated earth tests revealed lubricant film failureas key 

reason

The lubricant was MoS2 (Molybdenum Disulfide)
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Dry films ²lubricating media for extreme environments

MoS2 - excellent solid lubricant in vacuum conditions

Oxygen and humidity cause excessive wear,  premature 

coating failure

For space applications, need to know how testing on 

earth reduces functional life of coating

CoF < 0.04

Preferred dry film lubricant for space vehicle components

DFL Coated Aerospace Components, 

NASA-JPL

NASA
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MoS2 Structure and Morphology
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Type I structure causes oxidation driven friction increase due 

to trapped water and oxygen molecules 

MoSxCoatings by Closed-Field Magnetron Sputtering, JulfikarHaider, NorthumbriaUniversity, UK
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Ni dopant known to affect MoS2morphology resulting in ¯T° 

shaped microstructure at >9% concentration

Wear behavior of MoS2 in morphological context and how Ni 

dopant improves wear performance is not clear 

Pure MoS2

9% Ni-doped MoS2

Hilton, M. R., G. Jayaram, and L. D. Marks. Journal of 

materials research13.4 (1998): 1022-1032.

Doped MoS2 - oxidation resistance ƶ, hardness ƶ and 

wear performance ƶ

Ni dopant ²stable friction, excellent wear life, low cost and 

easy availability

Hamilton, Matthew A., et al. Tribology 

Letters32.2 (2008): 91-98.

Doped MoS2



Objectives

Quantify and compare coating life of Undoped and

Ni-doped MoS2 films in ambient conditions
1

Study their wear mechanisms to understand the

differencein their performance
2



Run-in Tests to 

Investigate Wear 

Mechanism

Contact 

Pressure (MPa)
Sliding Speed (ms-1)

Low 300 1

Intermediate Low 500 0.77

Intermediate High 800 0.44

High 1100 0.1
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Unidirectional Sliding 

Ball-on-Disk

Coating Life Tests

(Failure when CoF > 0.4)

Methodology

Undoped MoS2

Ni-doped (å7 wt.%) MoS2

10 to 250 Cycles

Coating Failure

Wear Evolution



7

18K cycles 80K cycles

Undoped MoS2 at 300 MPa

CoF Traces EDS Compositional Map

300 MPa 

1 ms-1

500 MPa 

0.77 ms-1

800 MPa 

0.33 ms-1

1100 MPa 

0.1 ms-1

Coating Failure Confirmation


